Objectives: To quantify the uncertainty in the costeffectiveness of lifestyle intervention versus standard care in overweight and obese people in Switzerland and to determine if further research is necessary based on current information. There has been an increasing interest in using value of information analysis in medical decision-making to quantify the uncertainty in decision-making, and to identify the need for further research. Methods: Value of information analysis was applied on a probabilistic cost-effectiveness model to evaluate the uncertainty by calculating the patient expected value of perfect information (EVPI), population EVPI, and partial EVPI. The costs were expressed in Swiss Francs (CHF), price year 2006. Results: Overall, the EVPI was higher in overweight than in obese people. The maximum population EVPI was CHF 6.8 million in overweight people and CHF 3.2 million in moderate obese people, representing the upper limit on costs associated with decision uncertainty. The partial EVPI estimated a higher uncertainty in the model parameters such as utilities, body mass index, cardiovascular risk factors, and systolic blood pressure in overweight and moderate obese subjects.
Introduction
The increasing prevalence of obesity worldwide underlines the pressing need for finding effective interventions to tackle the disease and its economic consequences. In Switzerland, overweight and obesity account for 37.1% of the population aged more than 15 years [1] . Obesity is associated with a high risk of morbidity, mortality, as well as reduced life expectancy [2] . The economic burden of obesity is substantial. In Switzerland, obesity-related expenditures are estimated to have a cost range approximately between CHF 2691 million and CHF 3229 million, representing 2.3% to 3.5% of total health-care expenditures [3] .
The increasing burden on the budget of the Swiss health-care providers resulted in considerable interest in assessing existing treatments for their clinical effectiveness and cost-effectiveness. A wide variety of treatments for obesity are available including diet, physical exercise, behavioral modification, pharmacological treatment, and surgery. Among several treatment options, lifestyle intervention, including dietary counseling and physical exercise, has been documented to lead safely to improvements in metabolic abnormalities such as increased body weight, dyslipidemia, elevated blood pressure, and glucose control that are linked to the development of obesity, diabetes, and cardiovascular disease [4] .
A decision-analytic model was developed to assess the cost-effectiveness of lifestyle intervention in overweight and obese people in Switzerland [5] . Decisionanalytic models are extensively used in formal decision-making process [6] . One of the requirements for the decision-making is that uncertainty in adopting a decision based on cost-effectiveness must be appropriately characterized and quantified because this affects the value and the interpretation of the model output. Many guidelines for cost-effectiveness analysis recommend probabilistic sensitivity analysis to assess uncertainty associated with the model parameters [7] . Value of information analysis has been suggested as a natural methodological extension of the probabilistic sensitivity analysis [8] . The analysis quantifies the uncertainty by establishing the value of acquiring additional information to inform decision-making. The use of value of information analysis has been recently encouraged in decision-analytic models [9] [10] [11] [12] [13] .
The aim of the present study was to apply the value of information analysis to assess the uncertainty in the cost-effectiveness of lifestyle intervention in overweight and obese people in Switzerland and to determine if further research is necessary based on current information.
Methods

Cost-Effectiveness Model
A probabilistic cost-effectiveness model based on Markov process was developed to compare the effect of lifestyle intervention with standard care in overweight and obese subjects. Seven health states were modeled: "normal," if subjects are overweight or obese but free of complications, "hypertension," "hypercholesterolemia," "type 2 diabetes," "stroke," "coronary heart disease," and "death." A representation of the Markov model is presented in Figure 1 . Subjects enter the model in the normal health state. Three characteristics are selected: starting age, starting body mass index (the weight of the body in kilograms divided by the square of its height in meters; BMI), and sex. Based on BMI subjects are classified as overweight if they have a BMI between 25 and 29.9 or obese if they have a BMI of 30 or more. The cycle length is 1 year. At the end of each year, proportions of subjects can move from one disease state to another or stay in the same disease state. The transition probabilities between cycles are based on the disease progression with age, sex, BMI, and cycle number. We assumed that all subjects developing hypertension, diabetes, and hypercholesterolemia are diagnosed and treated. Subjects remain in those states once they have entered, unless they develop cardiovascular disease or die. The possibility of having concomitant diabetes, hypertension, and hypercholesterolemia was not incorporated into the model. One reason for excluding the correlation between the existing comorbidities is the absence of prevalence data for Swiss population. This assumption is most probably underestimating the burden associated with obesity-related comorbidities. Subjects entering the model had a minimum age of 25 years and a maximum of 85 years; therefore, the model runs for a period of 60 years from the age of 25 years, that is, when a subject enters the model at the age of 60 years, the model will run until he/she will have the age of 85 years. The reason for setting the age limit is based on the average life expectancy in Switzerland of 77.3 years for men and 82.8 for women [14] . We considered that any simulation after the age of 85 years would overestimate the costs and the effects.
A hypothetical cohort of 10,000 overweight or obese subjects received a lifestyle intervention or standard care intervention for a period of 3 years. Lifestyle intervention consisted of regular physical activity and healthy eating, including diets rich in fruits and vegetables. Lifestyle intervention group members attended dietitian sessions and supervised exercise sessions during the first 3 years. Standard care in overweight people consisted in no intervention whereas in obese people consisted in basic dietary counseling and physical exercise sessions (see cost description). Treatment effect was modeled as a reduction in BMI, systolic blood pressure, total cholesterol, and high-density lipoprotein cholesterol based on data obtained in 3-year active treatment. It was assumed that the effect of lifestyle intervention on cardiovascular risk factors and weight loss is maintained up to 6 years, thereafter subjects start to regain weight linearly for a period of 4 years, that is, after 10 years weight loss went back to the initial weight. This is in line with the assumption used in the economic evaluations of weight loss medication [15, 16] and is based on observations from clinical trials [17] . We estimated our model using data from a variety of secondary sources. A summary of the data input is presented in Table 1 . The correlation between BMI and annual risk of developing hypertension, diabetes, and hypercholesterolemia was calculated based on two large epidemiological studies: the Nurses Health Study and the Health Professional Follow-up Study [18] . Intermediate values of BMI have been interpolated using polynomial function. The risk of complications had been adjusted according to age, sex, and prevalence of hypertension, diabetes, and hypercholesterolemia based on the information provided by the Swiss health survey [1] . The mean BMI by age and sex of the Swiss population was obtained from published literature [14, 19] .
The risk of developing coronary heart disease and stroke from "normal," "hypertension," "diabetes," and "hypercholesterolemia" health states were based on a risk equation from the Framingham cohort study [20] . The risk factors were age, sex, systolic blood pressure, total cholesterol, high-density lipoprotein cholesterol, presence of diabetes, and smoking status. Data on systolic blood pressure, total cholesterol, and high-density lipoprotein of the Swiss population were obtained from literature [19] . The mean systolic blood pressure increased with age in both men and women, rising from 127 mmHg in men aged 25 to 35 years to 145 mmHg in men aged 75 years or more, and from 115 mmHg to 144 mmHg in women. The mean blood cholesterol levels increased with age with a slight decrease in the oldest age group.
Mortality rates of overweight and obese subjects in the normal health state were assumed to be equivalent to those observed in the general population although there are studies that explored the relationship between BMI and the risk of death [21, 22] . Obesity and overweight in adults are found to be associated with large decreases in life expectancy and increases in early mortality. Nevertheless, we decided not to include these increased mortality risks because there is a danger of double counting if the elevated mortality risks are combined with associated complication mortality rates. Age-and sex-specific mortality data were obtained from the Swiss Federal Statistical Office: overall mortality data and disease specific according to the International Classification of Diseases (ICD-10 codes): I10-I15 Hypertensive disease, I20-I25 Ischemic heart disease, I60-I69 Cerebrovascular disease, and E10-E14 Diabetes mellitus [23] . The yearly probability of developing diabetes, hypertension, coronary heart disease, and stroke were obtained from the actual number of deaths and disease prevalence rates in Switzerland [1] .
Data on the effectiveness of lifestyle intervention was obtained using meta-analysis technique [24] of the randomized controlled trials performed in overweight and obese people. The meta-analysis combined the long-term effects of lifestyle intervention on weight and cardiovascular risk factors in overweight and obese people from several studies. The lifestyle inter- 
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vention in all evaluated studies consisted in dietary counseling and physical exercise sessions and lasted from 1 to 6 years with an average follow-up time of 3 years. The summary outcome measure calculated was the difference in means between lifestyle intervention and standard care. Effects were combined using a random effects model (Table 1) . Utility score represent the strength of patient preferences for their own health on a scale from 0.0 (death) to 1.0 (perfect health). Three published sources of utilities were used: utilities for overweight and obese people [25] , utilities changes due to decreases in BMI [26] , and utilities associated with the complications of obesity [27] .
The data on resources used by patients receiving lifestyle intervention or standard care were obtained from the Finnish Diabetes Prevention Study [28] and adapted for Switzerland. In the lifestyle intervention group seven dietitian visits were assumed in the first year, and four visits per year thereafter. Based on the unit cost of the health care calculated for Switzerland, the dietician cost per visit was estimated at CHF 64 [29] . The same price was assumed for physical exercise which was done in group sessions of 20 people for 1 hour. The group attended four sessions per month in the first year and two sessions per month during the subsequent year. The total estimated cost of lifestyle intervention was CHF 602 per person in the first year and CHF 333 per person per subsequent year. In the standard intervention group, costs were assumed zero in overweight people. For obese subjects the standard care intervention consisted in three dietitian visits in the first year and one visit per year thereafter, and the equivalent of two exercise sessions per month in the first year and one session per month during the subsequent year. The obesity medication costs were not taken into consideration in the standard therapy of obesity. Thus, a conservative estimate was preferred. The total estimated cost of standard care intervention in obese subjects was CHF 269 per person in the first year and CHF 102 per person per subsequent year.
The costs of obesity complications were obtained from published literature and adjusted to 2006 Swiss Francs (CHF) prices using the consumer price index [30] . A top-down method using a prevalence approach has been used to estimate the direct and indirect costs of obesity complications.
Future costs and effects are presented undiscounted and discounted at 3% rate; that is, a discount rate of 3% was applied to costs and utilities over the lifetime of an individual patient in the cost-effectiveness model. We evaluated the cost-effectiveness of lifestyle intervention versus standard care intervention using a costutility analysis. The cost-effectiveness of interventions was compared using the incremental costs (CHF), the incremental effects (quality-adjusted life-year [QALY]), and the cost-effectiveness ratio (CHF/ QALY). In order to assess the effect of lifestyle intervention in overweight and obese subjects, we defined two groups of people that were followed throughout the analysis: overweight subjects (BMI = 28) and moderate obese subjects (BMI = 33). A subgroup analysis was performed in male and female subjects aged 30, 40, 50, and 60 years.
A probabilistic sensitivity analysis was performed [31] . To reflect the uncertainty in the model parameters, they were incorporated in the model as probability distribution. The cardiovascular risk factors data input was characterized as normally distributed with standard deviations based on the meta-analysis results. Utility scores were characterized as beta distributions for two reasons: beta distribution takes values between 0 and 1, and it is a continuous distribution, which is a desirable property for representing uncertainty. Gamma distribution, which is constrained on the interval 0 to positive infinity, was used to characterize the costs of obesity complications. Gamma distribution can be highly skewed to reflect the skew often found in cost data. We characterized the distribution of the costs of interventions as normal with standard deviations equal to the standard error, because it cannot take values less than zero and it is positively skewed. Monte Carlo simulation was used to propagate these distributions through the model by recalculating the results over a large number of simulations. The results of running the probabilistic sensitivity analysis by randomly sampling from the parameter distributions are presented on the cost-effectiveness acceptability curve [32] .
The cost-effectiveness analysis adopted the society perspective. The model was developed using Microsoft Excel (Microsoft Corporation, Redmond, WA).
Value of Information Analysis
Value of information analysis was undertaken for the cost-effectiveness model by calculating the patient expected value of perfect information (EVPI) [10] , population EVPI [11] , and the partial EVPI associated with model parameters [33] . The output from the simulations was used to estimate the EVPI. The EVPI for an individual patient was calculated as the difference between the expected value of the decision made with perfect information and the decision made on the basis of existing evidence [11] . The population EVPI was obtained using patient EVPI applied to an estimated annual incidence of overweight and obesity in Switzerland [1] . A discount rate of 3% was applied to the population size in the EVPI calculation. It was assumed that the information on interventions would be valuable for 10 years. We used a conservative assumption considering that in a time of 10 years, advancements in technology could influence the development of new interventions able to better tackle obesity and its complications. To determine which parameters have the greatest value of information and require further research, we looked on following parameters of the cost-effectiveness model: cardiovascular risks (BMI, systolic blood pressure, total cholesterol, high-density lipoprotein), utilities (overweight and obese patient preferences), cost of interventions (lifestyle intervention, standard care intervention), cost of complications (diabetes, hypertension, hypercholesterolemia, coronary heart disease, stroke). The partial EVPI calculated the value of information of the remaining parameters of the model if we assumed perfect information for the parameter of interest. The partial EVPI for a parameter or group of parameters was the difference between the expected value of the decision made with perfect information and the decision made on the basis of existing evidence [11] . Table 2 presents the results of the cost-effectiveness analysis based on current evidence. The lifestyle intervention resulted in increased quality of life in overweight and obese subjects when results were undiscounted and discounted at 3% rate. In overweight and obese people, the difference in quality of life between lifestyle intervention and standard care ranged from 0.19 to 0.41 QALYs (undiscounted) and from 0.16 to 0.37 QALYs (discounted) per person per year gained over lifetime, depending on sex and age group. Compared with standard care intervention, the average incremental cost of lifestyle intervention was higher in overweight than in obese subjects, ranging from CHF 510 to CHF 704 in female overweight subjects and from CHF 402 to CHF 434 in male overweight subjects, when results were discounted. When results were undiscounted, the lifestyle intervention dominated standard care being less costly and more effective in female obese subjects aged 40 to 60 years and male obese subjects aged 30 to 60 years. Figure 2 presents the probability that lifestyle intervention is cost-effective for different threshold values in overweight people. Lifestyle intervention had a higher probability of being cost-effective in male subjects compared to female subjects from the same age Figure 2 Cost-effectiveness acceptability curves of lifestyle intervention in overweight subjects (discounted 3%). QALY, qualityadjusted life-year.
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group. If the decision-maker is willing to pay CHF 2000 for a unit of health gain, lifestyle intervention will have a probability of being cost-effective ranging from 48% to 91%, depending on sex and age group with the exception of female and male overweight subjects aged 30 years. Figure 3 presents the probability that lifestyle intervention is cost-effective for different threshold values in moderate obese people. Lifestyle intervention had a higher probability of being cost-effective in moderate obese subjects compared to overweight subjects from the same age group. Within moderate obese group, lifestyle intervention had a higher probability of being cost-effective in male subjects compared to female subjects from the same age group. If the decision-maker is willing to pay CHF 2000 for a unit of health gain, lifestyle intervention will have a probability of being cost-effective in moderate obese subjects ranging from 52% to 100% depending on sex and age group. Table 3 presents the patient EVPI for overweight and obese people. The patient EVPI reached a maximum at the incremental cost-effectiveness ratio, that is, when we are most uncertain about the decision based on current information. A higher uncertainty was observed in female overweight subjects aged 30 to 40 years and in female moderate obese subjects aged 30 years compared to other age groups. Table 4 presents the population EVPI for overweight and obese people at alternative threshold values. When results were undiscounted, the population EVPI values ranged from zero to CHF 4.1 million in overweight people and from zero to CHF 2.2 million in moderate obese people, depending on age, sex, and threshold value. When results were discounted at 3% rate, the population EVPI ranged from zero to CHF 6.8 million in overweight people and from zero to CHF 3.2 million in moderate obese people, depending on age, sex, and threshold value.
Value of Information Results
A graphical representation of the population EVPI in overweight people is presented for female subjects (Fig. 4) and male subjects (Fig. 5) . The population EVPI in female overweight subjects was higher than in male overweight subjects reflecting a higher uncertainty. The subgroup analysis in overweight people estimated a higher population EVPI in male and female subjects aged 30 years compared to other age groups.
We examined the partial EVPI for six groups of parameters (cardiovascular risks, utilities, cost of lifestyle intervention, cost of standard care intervention, cost of complications, all costs) and nine individual parameters (BMI, systolic blood pressure, total cholesterol, high-density lipoprotein cholesterol, cost of hypertension, cost of diabetes, cost of hypercholester- Figure 3 Cost-effectiveness acceptability curves of lifestyle intervention in obese subjects (discounted 3%). QALY, quality-adjusted life-year. Female  30  133  198  40  101  103  50  83  76  60  68  48  Male  30  87  83  40  87  89  50  79  67  60  72  36   Obese  Female  30  80  100  40  37  73  50  32  78  60  69  64  Male  30  38  78  40  40  63  50  30  72  60  42  77 CHF, Swiss Francs year 2006.
olemia, cost of stroke, cost of coronary heart disease). Overall, partial EVPI associated with the group of parameters and the individual parameters was higher in overweight subjects than in moderate obese subjects depending on age and sex, when results were discounted. In female overweight subjects, the partial EVPI with the highest uncertainty was observed in the utilities of subjects aged 30 years (CHF 4.7 million, Figure 5 Population expected value of perfect information (EVPI) in male overweight subjects aged 30 to 60 years (discounted 3%). QALY, quality-adjusted life-year. Fig. 6 ), in the BMI of subjects aged 40 years (CHF 1.3 million), and in the cost of stroke of subjects aged 30 years (CHF 1.1 million). In male overweight subjects, the partial EVPI with the highest uncertainty was observed in the utilities of subjects aged 30 years (CHF 2.4 million) and in the BMI of subjects aged 50 years (CHF 1.5 million). In female moderate obese subjects, the partial EVPI with the highest uncertainty was observed in the utilities of subjects aged 30 years (CHF 1.3 million) and in the BMI of subjects aged 60 years (CHF 1.3 million, Fig. 7 ). In male moderate obese subjects, the partial EVPI with the highest uncertainty was observed in the cardiovascular risk factors of subjects aged 50 years (CHF 3 million), in the BMI of subjects aged 50 years (CHF 2.3 million), and in the systolic blood pressure of subjects aged 50 years (CHF 1.7 million).
Value of Information in Obesity Model
Discussion
Our study demonstrated the application of value of information analysis to quantify the uncertainty. We tried to address the following issues: to determine if the selection of lifestyle intervention is optimal based on the current information available; to assess if it is worth collecting additional information to inform this decision in the future; and to determine which parameters in the obesity cost-effectiveness model have the greatest value of information and require further research.
The cost-effectiveness results demonstrated that, based on existing evidence, the lifestyle intervention can be regarded as cost-effective only in certain situations depending on sex, age group, and threshold value. When no discount was applied, the lifestyle intervention dominated standard care in moderate obese people being less costly and more effective. When a discount of 3% was applied, lifestyle intervention was cost-effective at an incremental cost per QALY ranging from 1237 to 4358 CHF/QALY in overweight people and from 73 to 1922 CHF/QALY in moderate obese people, depending on age and sex. A recent economic review of nonpharmacological weight loss treatments found that if weight loss, relative to the observed trend, remains constant for 5 years post intervention before returning to baseline, the cost per QALY in the best performing nonpharmacological studies ranges from 429 to 24566 CHF/QALY [34] .
Our cost-effectiveness model assumed that lifestyle intervention effect on weight and cardiovascular risk factors lasts for 6 years based on the results obtained from meta-analysis of 3-year randomized clinical trials in overweight and obese people. This assumption is in line with the extended follow-up of the Finnish Diabetes Prevention Study which lasted 7 years and resulted in sustained lifestyle changes and a reduction of diabetes incidence, which was maintained after the individual lifestyle counseling stopped [35] . The study reported a 43% reduction in the relative risk related to the success in achieving the intervention goals of weight loss, reduced intake of total and saturated fat, increased intake of dietary fiber, and increased physical activity.
The value of information analysis places a limit on returns to further research. If the costs of the research exceed the EVPI, then the proposed research is not cost-effective [10] . In our analysis, the maximum population EVPI was CHF 6.8 million in overweight subjects and CHF 3.2 million in moderate obese subjects. These values represent an upper limit on the costs associated with the decision uncertainty. Therefore, costs associated to proposed future research should not exceed this amount if the research would be considered cost-effective.
The partial EVPI with the highest uncertainty was observed in the utilities of male and female overweight subjects aged 30 years and female moderate obese subjects aged 30 years. One possible explanation could be that utilities used in the model were obtained from the published literature [25] . Further investigations are necessary to evaluate the overweight and obese patients' preferences on weight loss treatments in Switzerland. Further research is needed to calculate the expected benefits and the cost of sample information to determine the optimal study design such as follow-up time, sample size, and patient allocation.
A higher partial EVPI was observed in the BMI of female overweight subjects aged 40 years, male overweight subjects aged 50 years, female moderate obese subjects aged 60 years, and male moderate obese subjects aged 50 years. A higher uncertainty was observed also in male moderate obese subjects aged 50 years in parameters such as cardiovascular risk factors and systolic blood pressure. Therefore, further research on the cardiovascular risk factors in overweight and obese people in Switzerland is recommended.
Based on the results of our study, we identified four factors that influence the uncertainty and implicit the EVPI. The first factor was the level of the maximum willingness to pay for an additional unit of health gain with lifestyle intervention. The EVPI depended on the value of the maximum acceptable threshold. This was due to the interaction between the maximum acceptable threshold and the uncertainty surrounding the decision. When the maximum acceptable threshold was close to the incremental cost-effectiveness ratio, then the uncertainty surrounding the decision was maximized. The second factor was the uncertainty surrounding the decision to adopt the lifestyle intervention. The uncertainty surrounding this decision was an important element in the calculation of EVPI, with the EVPI increasing with increased uncertainty. Therefore, when the uncertainty surrounding a decision was low, the EVPI was negligible; for example, in male obese subjects aged 40 years the EVPI was CHF 63 when results were discounted. The third factor was the size of the eligible population. The size of the population eligible for treatment had a direct impact on the population level estimates of the EVPI. Where the population was large, the scaled-up population values were larger. For example, the population values of the EVPI were larger for male overweight subjects aged 50 years than for male overweight subjects aged 60 years because of an increase incidence of male overweight subjects aged 50 years. The fourth factor that influenced the uncertainty and EVPI in our model was represented by patient characteristics such as age, sex, and BMI. Our analysis suggests that the allocation of funds between lifestyle intervention and standard care in the prevention and treatment of obesity and future research will depend crucially on these four factors.
Our study results are limited by several factors related to the structure of the cost-effectiveness model and the EVPI analysis. The model could be improved by having access to additional Swiss-specific data. So far, epidemiological data such as the correlation between BMI and the risk of complications, obesityrelated mortality data, and changes in patient utility have not been recorded specifically for Switzerland. Further investigations should also take into account other important complications of obesity such as metabolic syndrome, colorectal cancer, gall bladder disease, sleep apnea, and depression. Another limitation of our study consists in the estimation of the costs of obesity complications from secondary data sources.
Value of Information in Obesity Model
Both probabilistic sensitivity analysis and parameter EVPI were computed using Monte Carlo methods. Unfortunately, to obtain these measures accurately, very large numbers of model evaluations are needed, potentially millions. For computationally expensive computer models, evaluating these measures may then require lengthy computing times. Our model used 3000 simulations for the probabilistic sensitivity analysis and 50 simulations for the partial EVPI. To assess the validity of the study results, we performed additional analyses for different age groups in both sexes using 5000 simulations for the probabilistic sensitivity analysis and 250 simulations for the partial EVPI. The new results of the parameter EVPI showed the existence of a slight overestimating bias in using small numbers of Monte Carlo samples. Nevertheless, the overall trend of the parameters presented in the results section was maintained. Further theoretical investigation of Monte Carlo bias in the context of parameter EVPI would be useful.
Conclusion
In summary, we applied the value of information analysis to evaluate the uncertainty in the costeffectiveness of lifestyle interventions in overweight and obese people in Switzerland. The value of information analysis indicates that there is some uncertainty regarding the choice between lifestyle intervention and standard care intervention. The extent of the uncertainty depends on the maximum acceptable threshold, the uncertainty surrounding the decision to adopt the lifestyle intervention, the size of the eligible population, and patient characteristics. The parameter EVPI suggests that if further research is commissioned, this should focus on the effectiveness of lifestyle intervention on the cardiovascular risk factors and quality of life of the overweight and obese people in Switzerland.
